A solvent washout technique is evaluated that could be used to remove one 14C tracer after a combined autoradiographic CMRglu and CBF study using [14C]2_ deoxyglucose (2DG) and [14CJiodoantipyrine (lAP), The technique permits the simultaneous measurement of local CBF and local CMRglu in the same animal without the use of the short-lived tracers of iodine, 1231 and 1311, for iodoantipyrine labeling. This report shows that brain Abbreviations used: CDG, total brain tissue 14C concentration after intravenous 14C-Iabeled 2-deoxy-o-glucose; ClAP, total brain tissue 14C concentration after intravenous 14C-Iabeled 4iodoantipyrine; 2DG, 2-deoxy-o-glucose; 2DG-6-P, 2-deoxy-o glucose-6-phosphate; lAP, 4-iodoantipyrine.
A double-label technique to determine CBF and CMRglu in the same animal that uses 14C for both tracers would be advantageous in terms of radio nuclide availability, compared with the 1231 and 14C technique (Lear et al., 1981) ; and processing time, compared with the 1311 and 14C technique (Mies et al., 1981) . Furlow et al. (1983) have described a technique that appears to satisfy this need. 14C-La beled 2-deoxY-D-glucose ([14C]2DG) and 14C-labeled 4-iodoamipyrine ([14C]IAP) are used in the same an imal. The separation of the metabolic tracer, [14C]2DG, and the CBF tracer, [14C]IAP, depends on the complete washout of 14C from [14C]IAP and the complete retention of 14C from [14C]2DG in a 72-h chloroform wash of the dried brain tissue sec tion. Two autoradiograms of the same brain section are produced, one before and one after the e4C]IAP is extracted from the brain section. The total brain tissue 14C concentration of [14C] defined here as CDG, used in the 2DG model is read from the second exposure (of the postwash brain section). The brain tissue 14C concentration of [14C]IAP, defined here as ClAP, for CBF is deduced by point-by-point or area-by-area subtraction of the second from the first exposure. CMRglu is calcu lated from the chloroform-washed brain section and CBF from the difference in 14C concentration be tween the two autoradiograms.
This report describes the rigorous evaluation of this technique. The conditions of this evaluation were (a) that the washout of each tracer, ClAP and CDG, be evaluated separately and (b) that each brain section serve as its own control by making an autoradiographic measurement of the 14C concen tration before and after washing with chloroform. These conditions permit the verification of the double-label technique. This report shows that the procedure will not produce quantitatively accurate CMRglu and CBF values. Although ClAP is almost completely removed by the washing procedure, as is required, CDG is partially removed, contrary to the criteria for the quantitative evaluation of CMRglu and CBF.
METHODS
Standard techniques for CMRglu (Sokoloff et aI. , 1977) and CBF (Sakurada et aI. , 1978) measurement were used.
A study was peIformed using brain sections from a 47.5min [14C]2DG study in a cat by washing sections in chlo roform for 72 h. To investigate the time course of 14C washout of both [14C]2DG and [14C]lAP in more detail. two rats were studied. One animal was injected with 100 f,LCi/kg of [14C]2DG (specific activity 50 mCi/mmol; New England Nuclear) and decapitated 46 min later. The other animal was infused for 30 s with 100 f,LCi/kg of [14C]IAP (specific activity 50 mCi/mmol; New England Nuclear) and decapitated. Brains were quickly removed, frozen in liquid Freon, and sectioned at -20°C. The 20-f,Lm sections were picked up on coverslips and quickly dried on a 60°C hotplate, and contact exposures were made on Kodak SB-5 film. Optical densities of the pre-and postwash image of the same brain section were determined using either a spot densitometer (Gamma Scientific) with 300-900 readings or a rotating drum optical digitizer (Op tronics P-4100) and image analyzer with pixel dimensions of 50 x 50 f,Lm (Grinnell Systems). A polynomial fitted to the optical densities of calibrated 14C-Iabeled methyl methacrylate standards was used to obtain the 14C con centration in the autoradiographic image. For control measurements of 14C concentration in the sections before chloroform washing, a 7-day exposure of the 20-f,Lm sec tions was made of all of the 38 sections used for this study. To test the retention of 14C after intravenous [14C]2DG administration and the disappearance of 14C after intravenous infusion of [14C]IAP, the concentration of 14C was monitored over time in a chloroform bath in the following manner. Pairs of sections were washed for various times ranging from 0 to 102 h in a gently rocking bath containing reagent-grade chloroform, except for one pair from each study that was kept aside as a control. For the CDG and ClAP washout, a control measurement and nine and seven time periods were studied, respec tively. Postwash 14C concentrations were determined au toradiographically. For each section, the ratio of the con trol 14C concentration to the 14C concentration obtained after chloroform washing was plotted as a function of time.
RESULTS
Ta ble 1 presents the mean pre-and postwash tissue concentrations for the sections from the cat study. The ratio of postwash to prewash 14C con centrations was 0.81, 0.74, and 0.75 for a 72-h wash time. Figure 1 displays the results for the CDG washout for the 46-min [14C]2DG study and the ClAP washout for the 30-s [14C]IAP study. Ninety eight percent of the ClAP from the brain sections of the [l4C]IAP study washed out within 25 h. Thus, only 2% of the ClAP remained in the brain section. The washout of ClAP was essentially complete after the 25-h time point. The CDG from the [14C]2DG study also washed out. The mean post wash/prewash 14C concentration ratio was 80.7% (SD 5.6%, n = 9) of the control ratio. The washout of 14C from these sections appeared complete within 6 h of the start of chloroform washing. After this time, further washout appeared minimal. A Dunnett's t test indicated that 8 of 9 of the post- wash/prewash ratios were significantly different (p < 0.05 for I of the 8 and p < 0.01 for 7 of the 8) from the control ratio that was plotted at t = O.
DISCUSSION
The washout of ClAP appears perfectly satisfac tory for a double-label technique of this type. How ever, the washout of CDG, as demonstrated by this work, would not permit the accurate evaluation of CMRglu because � 20% of the 14C is lost. If the washout of 14C were due to the washout of free [14C]2DG (which is subtracted from the total tissue concentration in the numerator of the operational equation for the 2DG technique), funnel freezing could be used to preserve the ratio of free [l4C]2DG and [14C]2DG-6-P. However, funnel freezing is not compatible with lAP technique for determining CBF because an accurate time for the cessation of cerebral perfusion cannot be obtained. Since [14C]2DG continues to be phosphorylated during values are the averages of the postwash/prewash ratio of two brain sections for each time point. Average 14C concentra tions were obtained for the whole post-and prewash brain sections because the former image was too faint to permit regional determinations.
the interval between the cessation of perfusion and the freezing of the brain, most, if not all, of the 14C present in the brain is phosphorylated by the time the brain is frozen. The washout of a portion of the CDG is probably due to the finite solubility of 2DG or 2DG-6-P in chloroform. The retention of the major portion of the 14C is probably due to tissue binding. It is possible that chloroform washing decreases the fat content of the dried brain section and there fore decreases the self-absorption of 14C. This effect would compensate for the decrease in CDG ob served in this study. Therefore, the washout of CDG is at least greater than any possible increase due to self-absorption.
An attempt was made to confirm the observed CDG washout by direct measurement of 14C in the washout solvent. However, the concentration was too low, in relation to the background, to be de tectable. This low concentration can be confirmed by a calculation based on typical concentrations, weights, and volumes.
These results for CDG retention in chloroform differ from those of Furlow et al. (1983) . One pos sible explanation for this difference is that a control, prewash measurement was always made in the same brain section in this study. Our results for ClAP washout also differ from those of Furlow et al. (1983) . This study showed some retention of ClAP (2%) even after 6 days of chloroform washing. Faint images of the sections were visible, probably because of the longer exposure time of 7 days, com pared with the 4-day exposure time used by Furlow et al. (1983) .
If this technique were used to evaluate CMRglu and CBF in a double-tracer study, error would be introduced in the determination of both because of the washout of CDG. If CDG is not retained during the chloroform wash, both 14C tissue concentrations used to evaluate CMRglu and CBF are in error. This error can be analyzed by using the following equa tions, which describe the actual components of the first (E1) and second (E2) exposure under the con ditions of this experiment. The 14C tissue concen tration obtained from the second exposure, E2, is �80% of the tissue concentration needed to eval uate CMRglu, CDG:
The first exposure, E1, contains the sum of the tissue concentrations needed for CMRglu determi nation using CDG, and CBF determination, ClAP:
The subtracted tissue concentration used to ob tain ClAP is then in error, if no washout of 14C from CDG is assumed. This error can be analyzed by subtracting Eq. 2 from 1 and collecting terms:
In this case, both CDG and CMRglu would be underestimated by �20%. Also, because the re covery of the concentration of [14C]IAP depends on the subtraction of the second exposure from the first exposure, the brain concentration of [14C]IAP, ClAP would be overestimated by an amount that would depend on the CDG-to-CIAP ratio. This is true even though the chloroform wash removes al most all of the ClAP. Given equal doses of activity, ClAP would be overestimated by �20%. This would mean that the CBF would be overestimated by at least this amount, because of the non-linear relationship between ClAP and CBF in the IAP CBF technique. In conclusion, the double-label technique described by Furlow et al. (1983) will not produce quantitative results for CBF or CMRglu. For a double-tracer technique of this type to pro duce accurate values of CMRglu and CBF, another solvent such as 2,2-dimethoxypropane (Diemer and Rosenorn, 1981) should be considered, or a correc tion could be developed for the amount of CDG that is washed out by chloroform.
